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SUMMARY 

One of the possible mechanisms is discussed of inhomogenous structure 
formation in interplanetary plasma. 
lity on account of temperature anisotropy in interplanetary plasma. 
types of instabilities are considered with their spectra as a function of the 
value of parameter B applicably t o  different regions of interplanetary plasma. 

This mechanism is based on plasma instabi- 
Various 

It is pointed out that smaller inhomogeneities, of % 20 - 100 km exist 
side by side with the observed Ones with characteristic dimensions of Q 300 - 
600 km, namely in remote regions from the Sun, exceeding 1 a.u. Attention is 
drawn to the appropriateness and advisability of of such small-scale inhomo- 
geneities' observations. 

* 
* *  

1. The radioastronomical method of investigation of Sun's supercorona 
and of interplanetary plasma ("translucence" method) resulted in 1954 in the 
discovery of their essentially inhomogenous structure. 
there is an inhomogeneity of electron density inducing radiowave scattering. 
[l, 21. 
to distances ~ 6 0  R, from the center of the Sun; however, a substantial uncer- 
tainty existed in the determination of inhomogeneity parameters [3 - 51. This 
was related to the fact that in the ''translucence'' method the directly measured 

It was established that 

By 1963 the existence of inhomogenous structure could be "traced" 

quantity is the angle of 
bination of values 

is computed, where AN is 

radiowave scattering, with the help of which the com- 

the excess of electron concentration in inhomogenei- 
ties above the average value, I is the effective dimension of inhomogeneities. 
The discovery of anisotropy in 1957 permitted to conclude that electron inhomo- 
geneities have an elongated shape and are mostly oriented in a direction close 
to radial relative to the Sun. 

(*) 0 PRIRODE NEODNORODNOY STRKTURY MEZHPLANETNOY PLAZMY 



. 
2 

Simultaneous observations of Crab Nebula on interferometers with three 
differently oriented bases allowed us to establish in periods of its rappro- 
chement with the Sun, that the shape of the scattered source in the pictorial 
plane is close to elliptical, with axes' ratio equal to about 1 for r/% d 10; 
but for r/R@ > 10 it becomes equal to about 1/2 and preserves this value cons- 
tant over a broad region of distances (to 40 Rg ) [5b]. 
sults allow us to draw the conclusion about the shape of the scattering inho- 
mogeneities and to assume the existence of isotropic inhomogeneities in the re- 

These averaged re- 

gion of distances r/Ra f 10 and of radially elongated ones in the region r/% 
10. 

Discovered in 1963 were the quasars, i. e. radiosources with extremely 
small angular dimensions4 l", woing to which it became possible to apply ano- 
ther radioastronomical method of study of interplanetary plasma, and namely, 
the method of sources' radio-scintillation. Observations by this method began 
t o  take place in 1964 and resulted in the possibility of tracing the inhomoge- 
nous structure of interplanetary plasma in the region of distances (80 - 260)R0 
[6 -' 81. The extension of the scintillation method to the centimeter wave re- 
gion in 1966 permitted the tracing by this method of the entire interval of 
distances from 20 to 260 Ro [9 - 111. 

In the latter method the measured quantities are T-periods of scintilla- 
tions 

V 

where L is the scale of Earth's diffraction pattern (*), v is the motion velo- 
city of inhomogeneities and F is the measure of scintillations: 

For AT2 < 1 and the wave parameter D 9 1 (which is fulfilled in the indi- 
cated experiments) the latter is linked with the parameters of the scattering 
medium by way of the correlation [131 

F = 2(E)2 
in which the values of AN and are part of the combination 

F a (AN)* 1. ( 5 )  

Observations of radio-scintillations have shown that the histograms of 
scintillation periods vary little in the (80 - 260) % interval of distances 
from the center of the Sun [8,  91. The significant Constance pf the scintil- 
lation period points to the invariability of average dimensions of electron 
inhomogeneities froma broad range of distances from the Sun. From observa- 
tions of scintillation periods estimates were made for the spectrum of inhomo- 
geneities; however, the values of parameter 2 are essentially dependent on the 
motion velocity of inhomogeneities, which could not be measured until 1966 
[14]. Observation of motion of inhomogeneities by way of time lag measurement 

- - 
(*) In case when ( A Y ) ~  < 1, ( ( A ~ Y ) ?  being the root-mean-square wave phase inva- 

sion in the layer at the expense of inhomogeneities), which takes place in con- 
ditions of interplanetary plasma, the dimension is L = 2 [l]. 
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of the corresponding scintil ations at three different points allowed us to 
determine the velocity vector of the inhomogeneities. 
velocities of predominantly radial motions were found to be equal to 250-350 km/ 
/see [14], i. e. this velocity was of the same order as that of charged particle 
flux measured on rockets [15]. This allows the assumption that the inhomogene- 
ities of interplanetary plasma are one of the solar wind components, mainly mov 
ving together with the plasma flux. 

- The most characteristic 

The data on scintillation period and on the motion velocity of inhomogenei- 
1 ,  i. e. the scale of inhomogenei- ties provide an unambiguous determination of 

ties. Comparison with the data obtained by 'ltrans1ucence"methods shows that 
the spectrum of scattering inhomogeneities in the region 4.5 4 r/%d 260 is 
located mainly in the interval 

# 

100 km 626 1000 km (6) 

.with a characteristic dimension of at a distance -100 €+,, equal to %800 km 
according to Vitkevich's estimates [8, 141 and 200 - 300 km according to Hewish 
[I61 

In its turn, the value of allows us to compute AN with the aid of rela- 
tions (1) and (5). Observation data on radiowave scattering, obtained by duf- 
ferent authors according to scintillations, are utilized in the work [17], and 
the values of AN are brought up for various distances from the Sun. 
of electron concentration AN near the Earth's orbit were found to be equal to 
AN (0.1 - 0.05) ~m'~. Comparison of the obtained values of AN with the exist- 
ing data on average concentration of electrons obtained by Blackwell's optical 
measurements [18] shows that the relative values of electron concentration 
small-scale inhomogeneities (6) constitute about 1.5 - 4 percent [17]. 

The values 

Therefore, the existence of inhomogenous structure of interplanetary plasma 
may presently be considered as reliably established. 

2. Attempts have already been made in literature to explain the inhomo- 
geneity of interplanetary plasma as a consequence of development in it of dif- 
ferent kinds of instabilities. 
lity of either instability mechanism of interplanetary plasma, but we should 
like to draw attention if only to one of them, which stems from experimental 
facts. Namely, rocket investigations conducted in 1966 allowed the obtaining 
of very important information on the properties of interplanetary plasma. 
Measurements carried out on the rocket PIONEER-6 established the existence of 
a s gnificant anisotropy in the distribution of plasma particles by velocities 
near the Earth's orbit [19] (the trajectory of PIONEER-6 was close to Earth's 
orbit): the temperature Til in the direction of the magnetic field was found to 
be about 5 times higher than in the perpendicular direction TL , whereupon 
near the Earth's orbit TI This  experimentally established anisstropy 
of plasma, as a possible cause of its instability, is precisely the fact to 
which we wish to draw attention. 

We do not intend to dwell here upon the reliabi- 

pu10 OK. 

The instability of plasma with anisotropic temperature is studied in lite- 
rature at sifficient length [20 - 233. 
known that plasma is found to be unstable for as small an anisotropy as desirable 
TI # TI,. 

From these investigations it is well 



The i n s t a b i l i t y  i s  manifest  i n  t h e  onse t  of e x c i t a t i o n  of longwave 
and shortwave o s c i l l a t i o n s  i n  t h e  plasma. Thus, i n  a c o l l i s i o n l e s s  plasma 
i n  t h e a b s e n c e  o f a  magnetic f i e l d ,  o r ,  t o  be  more p r e c i s e ,  f o r  

t h e r e  t akes  p l a c e  f o r  T!l>T, an a p e r i o d i c  build-up of o s c i l l a t i o n s  propa- 
g a t i n g  n e a r l y  perpendicular ly  t o  t h e  magnetic f i e l d  ( d i r e c t i o n  of maximum t e m -  
p e r a t u r e ) .  This  means t h a t  t h e  pe r tu rba t ions  corresponding t o  such o s c i l l a -  
t i o n s  must extended i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  a t  least  by 2 t o  3 t i m e s  
The increment of i n s t a b i l i t y  development is  of t h e  o rde r  [20] 

, 

. .  

where k i s  t h e  wave number (or  t h e  i n v e r s e  dimension k % n/l of t h e  per turba-  
t i o n ) ,  

v T I - f i  

is  t h e  thermal  v e l o c i t y  of  plasma e l e c t r o n s ,  and 

is  t h e  Langmuir frequency. 

. The cond i t ionso f  a p p l i c a b i l i t y  of formula (7)  v%k.L’~~ ,  \‘e determine t h e  
dimensions of p e r t u r b a t i o n s  t h a t  may develop i n  t h e  plasma: 

Here we is  t h e  c o l l i s i o n  frequency of e l e c t r o n s .  

i n s t a b i l i t y  becomes s u b s t a n t i a l .  
is p o s s i b l e  i f  

When f3 ‘L 1, t h e  in f luence  of t h e  magnetic f i e l d  upon t h e  c h a r a c t e r  of 
In t h i s  case t h e  development of i n s t a b i l i t y  

p- where u A =  ~ i s  t h e  Alfvgn v e l o c i t y ,  whereupon t h e  increment of i t s  
’ 4nNIC1 

development i s  of t h e  o r d e r  [21, 221 



5 

I The p e r t u r b a t i o n s  l i nked  wi th  t h e  development of such an  i n s t a b i l i t y  are 
a l s o  extended l o n g i t u d i n a l l y ,  though t o  a lesser degree than  t h e  above consider-  
ed ( f o r  BB1). From t h e  cond i t ion  of a p p l i c a b i l i t y  of formula (10) 

we f i n d  t h a t  t h e  dimension of uns t ab le  p e r t u r b a t i o n s  i n  t h e  plasma are: 

F i n a l l y ,  f o r  B < l ,  
is p o s s i b l e  wi th  maximum 

The 
pomds t o  

development of slow cyc lo t ron  a n i s o t r o p i c  i n s t a b i l i t y  
increment [ 2 3 ] :  

l eng th  of t h e  wave of maximum rate of building-up o s c i l l a t i o n s  cor res -  
p e r t u r b a t i o n s  wi th  dimension 

3.  We s h a l l  a t tempt  t o  relate t h e  a n i s o t r p i c  plasma i n s t a b l i i t y  wi th  t h e  
observed inhomogeneities.  L e t  u s  no te ,  f i r s t  of a l l ,  t h a t  t h e  an iso t ropy  of 
i n t e r p l a n e t a r y  plasma may be considered as exper imenta l ly  e s t a b l i s h e d  only i n  
t h e  r e g i o n  of t h e  Ea r th ' s  o r b i t  ( t r a j e c t o r y  of Pioneer-6). According t o  t h e  
r e c e n t l y  completed work [ 2 4 ] ,  t h e  p lasma an iso t ropy  must be  maximum p r e c i s e l y  
i n  t h e  Ea r th ' s  o r b i t  region.  Thus w e  s h a l l  cons ider  t h i s  r eg ion  f i r s t  of a l l .  
I n ' i t  B 'L 1 and Til /TL 'L 5, which a s s u r e s  t h e  f u l f i l l m e n t  of t h e  i n s t a b i l i t y  
c o n d i t i o n  (9).  
N 'L 1 ~ m ' ~ ,  S 2 i  'L 2 lo-' l/sec, V i  'L 

t h e  range  

Taking i n t o  account t h a t  i n  t h e  reg ion  of t h e  Ea r th ' s  o r b i t  

j i ties (11) t h a t  t h e  dimensions of the  observed inhomogeneities must b e  w i t h i n  
l / s e c ,  i t  then  fol lows from inequal i -  

1 

Since  t h e  increment of i n s t a b i l i t y  development (10) rises i n  t h i s  r eg ion  
w i t h  t h e  i n c r e a s e  of k ,  i t  appears  t h a t  t h e  small-scale inhomogeneities Z-300x.,l 
are the most probable, which agrees  w e l l  w i th  the  experiment ( see  above).  

In t h e  reg ion  hehind t h e  Earth;s o r b i t  Bel, and i f  there e x i s t s  a tempe- 
r a t u r e  an iso t ropy  TI,> T J . ,  
estimate of  inhomogeneity dimensions. Taking i n t o  account t h a t  i n  t h i s  reg ion  
N < 1 

w e  must t a k e  advantage of i n e q u a l i t i e s  (8) f o r  t h e  

l / c m 3 ,  T 'L l O S 0 K  and ve 'L 4 l / sec ,  w e  have 

20 km < 1 <  Ine km (15) 



. 
i Here too  most probable  are the  small-scale inhomogeneities.  However, on 

account  of t h e i r  r ap id  o s c i l l a t i o n s  

t h e  l a t te r ,  p a r t i c u l a r l y  small-scale ,  cannot be  observed i f  t h e i r  per iod  of 
o s c i l l a t i o n s  is  s i g n i f i c a n t l y  smaller than  t h e  observa t ion  t i m e  T 'L (0.5 - 0.9) 
sec. 
This  i n e q u a l i t y  i s  f u l f i l l e d  f o r  inhomogeneities w i th  

For t h e  inhomogeneities t o  be observable  i t  is necessary  t h a t  T 'L l / y .  

1 > - VTe - 100 m. 
2rt 

It should b e  noted t h a t ,  as the  observa t ion  t i m e  decreases ,  smaller-scale 
inhomogeneities must become observable  i n  t h e  reg ion  beyond t h e  Ea r th ' s  o r b i t .  
namely those  t h a t  are f o r e c a s t  by theory on the  cond i t ion  t h a t  plasma i s  endowed 
w i t h  s u f f i c i e n t l y  temperature  an iso t ropy  2'11 5  TI. This i s  why t h e  experimental  
i n v e s t i g a t i o n  of t h i s  r eg ion  of i n t e r p l a n e t a r y  plasma may se rve  as c r i t e r i o n  
of  v a l i d i t y  of uor hypothes is  on the  n a t u r e  of inhomogeneities.  

F i n a l l y ,  i n  t h e  reg ion  before  t h e  o r b i t  of t h e  Ear th ,  where l3<i, t h e  ob- 
se rved  inhomogeneities may also be l i nked  wi th  plasma a n i s o t r o p i c  i n s t a b i l i t y .  
The most probable  dimension of such i n s t a b i l i t i e s ,  determined from formula (13) ,  
is  l -  100 - 300 km (note  t h a t  i n  t h i s  reg ion  t h e  q u a n t i t y  R ~ / v A  v a r i e s  r a t h e r  
s lowly  w i t h  d i s t a n c e ) ,  a l s o  agrees  w e l l  wi th  t h e  experiment.  

L e t  us  d i scuss  i n  conclusion t h e  ques t ion  of va lues  of  d e n s i t y  f luc tua -  
t i o n s  AN/N as t h e  a n i s o t r o p i c  i n s t a b i l i t y  develops i n  t h e  plasma. This  ques- 
t i o n  i s  t h e  s u b j e c t  of s tudy  of nonl inear  plasma o s c i l l a t i o n s .  A t  t h e  p r e s e n t  
t i m e  such a theory is  f a r  from comde t ion  and i t  can a m s w e r  t h i s  ques t ion  oniy  
i n  case of weak an iso t ropy ,  when lT1l - I ' l l  ((2'11. 
of weak f i e l d s  ( f o r  . ' > I )  theory g ives  AN/N 'L V T ~ ~  /c2 Q whi le  i n  t h e  
r e g i o n  of i n t e n s e  f i e ld - s  

A t  t h e  same t i m e ,  i n  t h e  r eg ion  

hN V A ~  ( p < ~ ) - ~ - - -  C2 10-7-10-4. 

These va lues  are much below t h e  experimental ly  observable  ones 
recall t h a t  

b u t  h e r e  t h e r e  i s  noth ing  p a r t i c u l a r l y  s u r p r i s i n g ,  f o r  theory cons iders  h e r e  
o n l y  t h e  case of s m a l l  an iso t ropy  
t h e  q u a n t i t y  AN/N may be s u b s t a n t i a l l y  g r e a t e r ,  a t  least T;;2! T i L  - 25 t i m e s .  
These estimates are a l s o  i n  sharp c o n t r a d i c t i o n  wi th  t h e  experiment. 

- T - , l  < Til. For a g r e a t  plasma an i so t ropy  

The Lebedev I n s t i t u t e  of Physics  
Of t h e  USSR Academy of Sciences 

Manuscript  rece ived  on 
27 March 1967 
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